A new wireless communication system denoted as Multi-Code Multi-Carrier CDMA (MC-MC CDMA), which is the combination of Multi-Code CDMA and Multi-Carrier CDMA, is analyzed in this paper. This system can satisfy multi-rate services using multi-code schemes and muti-carrier services used for high rate transmission. The system is evaluated using Traveling Wave Tube Amplifier (TWTA). This type of amplifiers continue to offer the best microwave high power amplifiers ( 
System Model

Transmitter Model
The transmitter of the system model shown in Figure 1 , is made up of two parts: the multi-code part and the multi-carrier part.
The multi-code part converts serial input data streams into parallel substreams, spreads each parallel substream to produce code division multiplexed bits with multicodes, which are orthogonal to each other. Then, all substreams are summated to produce super-stream, B k (t).
In multi-carrier part, the super stream is serial-to-parallel (S/P) converted again, spread with a user specified Pseudo-random noise (PN) sequence, and modulated with orthogonal multi-carriers. Finally, the signal which is summated in the multi-carrier part is transmitted by the transmitter. Figure 1 . The data signal d k (t) is a random complex sequence representing the data bit and having a symbol rate of ( RM / T ), where R is the number of substreams, M is the number of sucarriers in the multi-code, and T is the bit duration per input data stream, d k (t) can be expressed as and a r is an orthogonal code set for the r th substream of the R substreams, defined by a r (t) = a n r P TNa ( t -n T Na ) (4) where T Na is the chip duration, N a is the code length of the orthogonal codes, a n r is the n th value Є {±1} of the code a r .
The transmitted signal S k (t) as a result of the summation of parallel supersubstreams that S/P converted from the super-stream, multiplied by each subcarrier, and spread by the PN sequence. This is given by [ 
where a) P k is the signal power of user k distributed among the carriers, assuming P 1 = P 2 = … = P k = P. The HPA operation in the region of its nonlinear characteristic causes a nonlinear distortion of a transmitted signal, that subsequently results in increasing the bit error rate (BER), and the out-of-band energy radiation ( spectral spreading ).
The operating point of HPA is defined by input back-off (IBO) dB parameter which corresponds to the ratio of saturated input power (P maxin ), and the average input power ( P x ), is defined as [ 
and out back-off (OBO) dB corresponds to the ratio between the saturated and average output power(P maxout ), and the average input power ( P y ), and is defined as :
OBO dB = 10 log 10 ( P max out / P y )
The measure of effects due to the nonlinear HPA could be decreased by the selection of relatively high values of IBO.
The graphical representation of these two parameters is shown in Fig. 3 , with dB units.
(dB) Figure. 3 Graphical representation of IBO and OBO.
Receiver Model
The receiver structure is shown in Figure 4 , where signals consisting of M carriers are demodulated by a locally generated carriers, despread by a user specific PN sequence, and parallel-to-serial (P/S) converted to produce B^k(t). Then B k (t) is despread with a r code sequence, correlated over one symbol period then P/S converted to recover d^k r . [ d 111 (t-τ 1l ) a 1 (t-τ 1l )c 1 (t-τ 1l ) 
The received signal can be expressed in six components as [8] : 
r(t) = r DS (t) + r MPI (t) + r ISSI (t) + r ICI (t) + r MUI (t) + n(t)
Bit Error Rate Performance Analysis ( BER )
The average bit error probability can be expressed as [8] : 
CONCLUSIONS
In this paper, the analysis and performance results of MC-MC CDMA system is presented in terms of BER. The performance of the MC-MC CDMA is compared to the performance of Multi-Carrier CDMA, and Multi-Code CDMA. It was shown that the MC-MC CDMA system outperformed other systems.
The effects of nonlinearities (AM/AM and AM/PM) were analyzed. It is shown that these effects can be compensated by using PD technique. From analytical results, it is confirmed that PD system with MC-MC CDMA gives a good performance improvements compared to MC-MC CDMA signals without PD.
